Purpose: To determine outcomes of interstitial high-dose-rate brachytherapy (HDR-BT) in patients with early stage oral tongue cancer.
Purpose
Interstitial brachytherapy is one of the standard curative treatments used in early stage oral tongue cancer and is favored over surgery in view of better functional preservation [1] . With surgery, 5-year local control rates in early stage oral tongue cancer have been reported to approximately 75-90% [2] . Interstitial implants also provide local control rates equivalent to that of surgery [1, 3] . However, most of the results in literature have been described with continuous low-dose-rate brachytherapy (LDR-BT) [4, 5, 6, 7, 8, 9, 10] . With the evolution of afterloading techniques, high-dose-rate brachytherapy (HDR-BT) has replaced LDR-BT in most of the centers in the world. But with HDR, the results are variable [7, 11, 12, 13, 14, 15] . The latest and largest experience of HDR-BT in early stage oral tongue cancers has been reported in 67 patients in a Japanese experience by Matsumoto et al. [14] . The major concern of treating these patients with brachytherapy alone is cervical lymph node metastasis, which has been reported in 20-50% of cases in literature [2, 5, 16] .
The aim of this retrospective study is to analyze the outcome and patterns of failure in patients with stage I and II oral tongue cancer who underwent interstitial brachytherapy with or without external beam radiation at our institute, and also, to find out whether our results correlated with those in literature in terms of local and nodal control rates. It is one of the studies, describing the clinical outcome of HDR-BT in early stage oral tongue cancer, in highest number of patients so far in literature. 
EBRT -external beam radiotherapy

Material and methods
Patient's profile
Ninety-two patients with histologically proven squamous cell oral tongue cancer were treated with HDR-BT at the Department of Radiotherapy and Oncology of our institute, between 1999 and 2014. The patients' characteristics are presented in Table 1 . Only T1 and T2 tumors (American Joint Committee on Cancer, AJCC stage I and II) of the lateral border the oral tongue were included in this study. After biopsy confirmation of malignancy under anesthesia (which also helped in better defining the tumor dimensions), all patients underwent thorough clinical examination and contrast enhanced computed tomography (CECT) of the neck for staging of nodal disease. Only node negative patients were considered for brachytherapy. Table 2 describes the treatment done for the patients. Out of 92 patients, 62 patients were treated by brachytherapy alone, and 30 patients were treated by combined external beam radiotherapy (EBRT) and brachytherapy boost. Among the 62 patients, 8 patients (T1 stage = 1 patient and T2 stage = 7 patients) had already undergone wide local excision and neck dissection as the primary treatment at some other institute, and due to focal margin positivity in the primary tongue region, were referred to our institute for further treatment. All these cases were planned for interstitial brachytherapy (as radical treatment) for the primary site.
Treatment details
Brachytherapy technique and dose
The patients either underwent primary brachytherapy or EBRT to the dose of 40 Gy delivered in 20 fractions by parallel opposed fields, followed by brachytherapy boost. The brachytherapy procedure was performed under general anesthesia by "push and pull technique". The needles were inserted below the jaw and medial to the mandible and the plastic catheters were pulled retrogradely through the needles. For implantation, rules of the Paris system were followed [17] , i.e. the needles were inserted in single or double plane, giving 5-10 mm margin from all clinically palpable disease. Double-plane was done for tumors with thickness more than or equal to 1 cm. Additional buttons were used to improve the dose to the surface of the tongue. No spacer was used between the tongue and the mandible in accordance with the routinely followed institutional practice. Post procedure, patients treated before the year 2008 (47 patients), underwent two orthogonal X rays for planning, while those treated in later years underwent a non-contrast CT scan for treatment The brachytherapy source (iridium) strength ranged from 3.5 to 10 Curie. The doses for both brachytherapy and combined treatment plans were prescribed on the basis of ABS (American Brachytherapy Society) recommendations for HDR-BT for head and neck carcinoma, which has not adopted a standard dose fractionation schedule but recommends to keep dose per fraction for HDR-BT for oral cavity cancers to be below 6 Gy per fraction, to reduce the potential for long term morbidity [18] . The maximum dose limit to the mandible was however limited to < 2 Gy per cubic centimeter without lead shielding, and the plans were optimized to reach this constraint.
External beam radiotherapy dose
Thirty patients received brachytherapy as a boost to EBRT. All these patients had infiltrative tumors. They were treated by parallel opposed lateral portals with either 60 Co gamma rays or 6 MV photons and received 40 Gy in 20 fractions in 4 weeks to the primary and draining lymph nodes. Neck nodes were treated electively in all these patients. In 2 patients (both stage T2 with poorly differentiated histology) who were planned with chemoradiation, concurrent single agent cisplatin, 100 mg/m 2 intravenously was administered on days 1 and 22 of the radiation schedule after proper hydration.
Follow up
Median follow up was 53.5 months (range 6-183 months). The first clinical follow up was scheduled at 2 weeks after brachytherapy, and patients were monitored for mucosal reactions using Common Terminology Criteria for Adverse Events version 4.0 (CTCAE v 4.0). Thereafter, follow up was done by clinical examination every two months for the first year and then quarterly. Contrast enhanced computed tomography of the neck and chest X-rays were obtained at 6 months intervals. Recurrence at local or nodal site was considered as local or nodal failure from day zero. Fine needle aspiration cytology or a biopsy was carried out to document a recurrence in clinically suspicious cases.
Statistical analysis
In this retrospective study, frequency tables with counts and percentages were used to describe pre-treatment and treatment characteristics of the patients. The case records of the patients were reviewed to determine patterns of failure. Survival and control rates were calculated by the Kaplan-Meier method and examined for significance with a log-rank test. The Cox proportional hazard model was used for multivariate analysis. Pearson's method was used to find the correlation between the acute and late toxicities and the biological equivalent dose (BED). The conventional p 0.05 level was considered significant. Data were analyzed using the statistical software SPSS for Windows (version 19.0).
Results
Pattern of failure
At 53.5 months of median follow up period, 43 patients (46.7%) failed treatment. Table 3 shows the pattern of failure among these patients and the stage to which they belong. No distant metastasis was observed as the first event of failure. The median time to local and nodal failure was 22 months and 13 months, respectively.
Local control and survival
The median follow up time was 53.5 months (range 6-183 months). One-, 3-, and 5-year overall survival (OS), Table 3 . Pattern of failure Control rates and survival rates according to stage (Figure 2A , B)
The 5 year LCR for stage 1 and 2 were 74.7% and 52.5%, respectively, which is statistically significant (p = 0.04; HR = 0.50, 95% CI: 0.25-0.99). Also, the 5 year DFS for stage 1 and 2 were 69.5% and 45.5%, respectively, which is again statistically significant (p = 0.04; HR = 0.54, 95% CI: 0.29-1.006). The difference in OS between the two stages, however, could not reach significance at 5% level of probability (p = 0.2).
Control rates and survival rates according to prior external beam radiotherapy to local and nodal site
Patients treated with EBRT and brachytherapy as boost, had poor local control rates and survival rates, compared to those treated with brachytherapy alone but the nodal failures were less in the prior group of patients. The difference was however not statistically significant (Table 4) .
Considering the fact that patients treated with combined modality might have higher stage compared to those treated with brachytherapy alone, we compared the control rates and survival rates between patients treated with brachytherapy alone and those treated with EBRT and brachytherapy boost by T stage (Table 5) .
We found that for T1 stage, 5 year LCR was significantly higher in patients treated with brachytherapy alone
Overall survival
Local control rate compared to combined brachytherapy and EBRT group (81.7% vs. 62.5%; p = 0.04), however no significant difference was found between the NCR and DFS among the two groups. For T2 stage, patients treated with combined brachytherapy and EBRT had higher 5 year NCR and DFS rates than patients treated with brachytherapy alone (NCR: 92.9% vs. 74.3%; DFS: 51.9% vs. 46.9%), though the difference was not statistically significant.
As discussed previously in methodology, among the 62 patients treated by primary brachytherapy, 8 patients (T1 stage = 1 patient and T2 stage = 7 patients) had already undergone wide local excision and neck dissection as primary treatment at some other institute, and due to focal margin positivity in the primary tongue region, were treated by interstitial brachytherapy (as radical treatment) for the primary site at our institute. Out of these 8 patients, 2 patients with initial stage T2 failed treatment, one at local site, the other at both local and nodal sites. Table 6 shows the prognostic factors related to local and nodal control. Higher T stage is significantly correlated to local failure as determined by univariate analysis, while by multivariate analysis, higher T stage and the addition of EBRT prior to brachytherapy correlate significantly to local failure. None of the patient or treatment factors were found significantly prognostic for nodal control by both univariate and multivariate analysis. In subset analysis, for T1 stage alone, addition of EBRT to brachytherapy is a poor prognostic factor for local control, both by univariate (p = 0.02) and multivariate analysis (p = 0.04). However, for T2 stage, none of the factors were found prognostic for local or nodal control.
Prognostic factors for recurrence
Acute toxicity and the correlation to biological equivalent dose Table 7 shows the details of acute toxicities experienced by patients 2 weeks post brachytherapy. No patient developed grade 4 mucositis. There is significant difference in the incidence of acute mucositis (grade ≥ 2) between the brachytherapy alone group (54 out of 62 patients = 87%) and the combined modality group (20 out of 30 patients = 66%). This difference can be attributed to the difference in BED among the two arms (p = 0.02) ( Table 8) . Table 7 determines the late toxicities experienced by patients. Sixty-one patients (66.3%) did not experience any significant late complication. In our patients, the incidence of late complications was not correlated to BED among the two groups (Table 8 ).
Late toxicity
Attempt to salvage therapy
Out of 28 patients who had local recurrence alone, 11 patients had prior stage T1N0M0, and 17 patients had stage T2N0M0. On local recurrence, 14 patients did not undergo any treatment and were lost to follow up. Out of the rest 14 patients, 4 underwent surgery with or without post op radiotherapy (wide local excision (WLE) in 1 patient, WLE + neck dissection, and post op EBRT in 2 patients, total glossectomy in 1 patient), and 2 patients underwent chemoradiation to the dose of 60 Gy in 30 fractions in 6 weeks. All these 6 patients were asymptomatic till the last date of follow up. Rest 8 patients, despite being treated with surgery or EBRT (depending upon previous treatment), failed to achieve disease free status at their last follow up.
Out of 8 patients with nodal recurrence alone, 4 patients had prior stage T1N0M0 and other 4 had stage T2N0M0. None of these 8 patients had received EBRT in their initial management. Therefore, neck was not addressed previously in any of these patients. The distribution of lymph node recurrence involved ipsilateral upper jugular and middle jugular. As a salvage treatment, three patients had undergone neck dissection followed by post-operative radiotherapy, three had undergone chemoradiation to the dose of 45 Gy delivered in 25 fractions to the local and nodal site, as neck dissection was not feasible in these patients in view of hard fixed lymph nodes. The last two were sent for surgery but were lost to follow up. Five patients who were treated post nodal recurrence, remained disease free till their last date of follow up in this analysis. Only one patient died of lymph node and distant metastases despite salvage neck dissection along with EBRT.
Seven patients had failed both at local and nodal site. Out of these 7, three patients underwent surgery with or without EBRT and were disease free at the time of last follow up; 1 had persistent disease despite surgery for primary and nodal site and post op radiotherapy, and 3 patients were lost to follow up.
Functional outcome
The functional outcome of the patient was evaluated based on the records available regarding the ability to eat a regular diet and the understandability of speech. The case records of all 92 patients in this study were retrospectively studied and based on the performance scale followed at our institute for the head and neck cancer patients, the functional outcome was analyzed ( Table 9 ). Almost 97% patients had a preserved tongue function in terms of good understandability of speech and 93% approximately had maintained the normality of their diet.
Discussion
For oral tongue carcinomas, surgery and radiotherapy are the standard of care [19, 20] . But for early stage tongue cancers (stage I and II), interstitial brachytherapy is also considered an effective treatment modality as local control and survival results are equivalent to that of surgery [1, 3] . Also, with brachytherapy, there is an added advantage of functional preservation of tongue. Some authors have used brachytherapy as a boost to EBRT especially in those early stage patients who have higher risk factors and are not suitable for brachytherapy as the sole treatment [21, 22] .
At our institute, patients with early stage oral tongue cancers were treated via brachytherapy alone or as a boost to EBRT. The clinical outcome in terms of loco regional control rates and survival has been compared among the two groups in this study. The 5-year LCR of 64.2% seen in our patients, was quite lower than the rates reported in literature [2, 6, 12, 13] . On subset analysis according to T stage, the 5 year LCR for stage I and stage II were 74.7% and 52.5%, respectively, which are again inferior compared to the previous reports [13, 14, 15, 16] . To determine possible reasons for these inferior results, stage wise LCR and survival rates were analyzed in terms of prior EBRT given or not. We found that for T1 stage, LCR were higher in patients treated with brachytherapy alone, compared to those treated with EBRT prior to brachytherapy boost (p = 0.04). The local failures were 6 out of 31 cases (19%) by brachytherapy alone, and 8 out of 16 cases (50%) by EBRT with brachytherapy. This can be explained by different tute, in order to decrease acute and late complications, the dose per fraction and the total dose were compromised in both brachytherapy alone as well as combined schedules. The maximum equivalent dose achieved by brachytherapy alone in our study was 60.66 Gy only. This might explain the inferior local control results in T1 stage patients in our study compared to the results in literature.
Local control rates and BED are known to be related [31] . Therefore, a conclusion of local/loco-regional control rate from the two treatment techniques (brachytherapy alone and combined EBRT and brachytherapy boost) based on different BEDs setup may be questionable. But it is important to understand that the highlight of the study was not only to compare the different loco regional control rates and BEDs of two radiation schedules, but to convey an important conclusion that dose escalation (from the doses used in study) is needed in both T1 and T2 stage patients whether brachytherapy is used as sole modality or as boost. Also, while calculating total BED, corrections need to be applied for overall treatment time, tumor repopulation, and cell population doubling time during treatment done by EBRT and brachytherapy boost.
In contrast to the LCR, the nodal failure rates in our patients treated with brachytherapy were quite low compared to the reports of 20-50% in literature [2, 5, 10, 14, 16] . The 3-and 5-year nodal failure rates were 14.6% and 16.2%, respectively. The good nodal control rates achieved by our patients could be due to the fact that all these early stage patients were not treated by brachytherapy alone. Some patients with poor prognostic factors for local/nodal recurrence had also undergone either prior surgery in the form of neck dissection (8 patients = 8.7%) or EBRT prior to brachytherapy boost (30 patients = 32.6%). This could have contributed to better nodal control rates achieved by our patients. This improvement may also be in part due to the development of better imaging modalities in the neck evaluation in tongue cancer patients compared to the past, leading to better selection of node negative early stage patients.
Coming to the results of NCR for T1 stage in both the groups, there was no significant difference in the results whether patients received prior EBRT or not. This signifies that brachytherapy alone is sufficient for T1 stage patients, and neck addressal is not required for these patients. The similar results have been described by various studies in literature too [1, 3, 4, 6, 10] . [23, 24, 25] , by applying corrections for overall treatment time: T = 38 or 39 days = 28 days EBRT, 3 or 4 days brachytherapy boost (3 days when 18 Gy boost given in 3 days, and 4 days when 24 Gy boost given in 4 days), and 7 days gap prior to brachytherapy for mucosal reactions to heal), starting time of tumor repopulation (Tk = 21 days) and cell population doubling time during treatment done by EBRT and brachytherapy boost (Tp = 3 days):
For head and neck tumors, α/β was taken as 10. This paradoxical result might also have derived from the bias that patients treated with combined therapy had more risk factors in terms of tumor thickness, lymphovascular emboli, and perineural invasion, and some of these factors could not be analyzed adequately in view of retrospective nature of our study.
But when T2 stage patients were analyzed, it was found that the local failures were 15 out of 31 cases (48%) by brachytherapy alone and 6 out of 14 cases (43%) by EBRT with brachytherapy. Therefore, not only combined modality but brachytherapy alone also brought out a negative result in terms of local control rate in T2 stage patients. These numbers indicate that even BED 10 of 72.8 Gy (achieved by brachytherapy alone) is inadequate for the local control of T2 tumors. This signifies that there is a need for dose escalation for primary lesion by combined EBRT with brachytherapy boost in both T1 and T2 stage patients and also, by brachytherapy alone in T2 stage patients. The results of this study are in contradiction to the dose reduction trials conducted by various authors [26, 27] , who consider 54 Gy in 9 fractions over 7 days as a feasible treatment to reduce patient discomfort in mobile tongue cancer patients, compared to 60 Gy in 10 fractions.
Various authors have demonstrated local control rates ranging from 90 to 100% by using equivalent doses from 65 to 80 Gy in oral cavity tumors [28, 29, 30] . In our insti-For T2 stage, the 5 year NCR were higher in the combined EBRT and brachytherapy group compared to brachytherapy alone group (92.9% vs. 74.3%) but the results could not achieve statistical significance. While analyzing the patients in these two groups, it was found that 7 out of 8 patients in brachytherapy alone group had already undergone neck dissection, thereby diluting the actual results. Therefore, another analysis was done in the two groups in T2 stage patients, based upon neck nodes addressed (either by neck dissection, EBRT, or both) or not addressed. The 5 year NCR in 21 patients in whom neck was addressed was 85.7%, and in 24 patients in whom neck was not addressed it was 71.8%, and the results were statistically significant (p = 0.02). This highlights the need and benefit to treat T2 stage patients with combined modality to achieve higher nodal control rates.
Regarding the prognostic factors, higher T stage and use of combined modality (EBRT with brachytherapy) were the only factors found to be prognostic for poor local control. No other factor was found prognostic for nodal control. Although several authors have reported tumor thickness > 5-6 mm and ulcerative/infiltrative types of tumors to be poor prognostic factor for lymph node metastasis [32, 33] , our study failed to demonstrate this. This is because our reporting of tumor thickness was mostly clinical and could specify it to be more or less than 1 cm. Another factor responsible is inadequate reporting of tumor thickness in biopsy specimens, and also, MRI (magnetic resonance imaging) scans were not done before interstitial implants, especially in patients treated in earlier years of this study. This was one of the limitations of our study.
In our series, acute complications post 6 weeks of brachytherapy were well tolerable and within the acceptable limits. The late complications were seen in 32.9% of patients, however out of these, grade 3 complications in terms of induration, ankyloglossia, and bone necrosis were seen in 6 patients (6.5%) only. The complication rate is similar to the grade 3 complication rates of 3-15% mentioned in literature [4, 5, 6, 10, 34] . However, no correlation was found between the incidence of late complications and the BED of the two groups. This is in contrast to the study by Kehwar [35] , who suggested that the probability of late complication is directly related to radiation dose received. One of the reasons for few severe late complications observed in our patients may be the insufficient dose used for primary lesion as described above. Since dose escalation is the necessity to achieve better control rates, late complications in terms of mandibular necrosis can still be prevented by using spacer or blocker in routine practice.
The functional outcome for our patients was assessed by using a performance scale to evaluate adequacy of diet and speech. Most of the patients scored well. Many authors previously also have analyzed quality of life of patients post brachytherapy and have found that majority of patients could maintain their pre-diagnosis nutritional status and speech [36, 37] .
The dosimetric and volumetric parameters of interest reflecting the quality of treatment are beyond the scope of this article, as this study is mainly concerned with describing the clinical outcome of the patients treated with interstitial implant. The dosimetric results will be described in detail in subsequent study.
Conclusions
Although this study is retrospective, the results are noteworthy, considering its long follow up and the description of results in terms of LCR, toxicities, and functional outcome. Our study recommends treating patients with brachytherapy alone in T1 stage and demonstrates the need for addressing nodal region either by neck dissection or nodal irradiation in T2 stage patients. The highlight of the study is that it establishes the need for dose escalation (from the doses used in the study) in both T1 and T2 stage tumors when using interstitial brachytherapy either as sole modality or as a boost.
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